This paper describes the implementation of an efficient and robust advancing layer viscous mesh generation method for complex 3D configurations. The method employs a pre-processing algorithm to identify cells that can be generated without further checkings, whereas the rest of the cells are checked by a standard layer-by-layer procedure. This method significantly reduces the number of proximity/intersection checking operations, substantially decreasing the mesh generation wall-clock time while maintaining the same robustness and quality of the baseline method. The practicability of the algorithm is demonstrated using examples of industrial complexity. Mesh generation time is reduced typically by a factor which oscillates between four and ten, with respect to the conventional advancing layer method. This factor grows with the number of layers and depends on the complexity and topology of the domain. This approach has proved to be useful for large size 3D complex configurations where mesh generation time and interactivity are crucial.
Introduction
Mesh generation is a critical process in Computational Fluid Dynamics (CFD) since mesh quality can not only have a direct impact on the final solution, but become a bottleneck of the whole process. Grid spacing should be smoothly and sufficiently refined in certain regions to properly resolve steep solution gradients, whereas it should be coarser in other regions not compromised by mesh resolution considerations. A key element to achieve good quality meshes in viscous flow simulations at high Reynolds numbers is to substantially increase mesh resolution near solid walls to properly capture boundary layer gradients in the wall-normal direction. These regions account only for a small fraction of the computational domain but are directly linked with the quality of aerodynamic simulations. However, significant difficulties arise in the presence of complex geometric features such as multiple concave/convex corners, micro-surfaces, etc., which may result in mesh generation failure or considerable time cost in terms of man-hours. Therefore, in industrial environments, the generation of viscous meshes still remains a challenging task.
To address this issue, a variety of viscous mesh generation algorithms were developed. The most popular method is the so called advancing layer method, in which wall nodes and cells are marched along the boundary normal direction to generate high-aspect ratio elements in a semi-structured manner close to the surface, and then the rest of the domain is filled with an unstructured grid. Early attempts of this method were proposed by Lohner [? ] and Pirzadeh [? ] . The main difference is that while Lohner inflates the whole boundary layer mesh at once, Pirzadeh in turn proceeds in a layer-by-layer basis. The advancing layer method avoids the difficulties associated to the creation of nodes in classical unstructured mesh generation methods for highly stretched cells, and allows the mesh to be formed in a hybrid manner [? ] . The extension of this method to three-dimensional cases using prismatic elements is conceptually straightforward, although very involved from an implementation point of view. Mesh generation in three dimensional cases is described by Pirzadeh [? ] using tetrahedral cells, and by Kallinderis et al. [? ? ] using prismatic cells.
The primary advantage of the layer-by-layer approach is the robustness and quality of the generated viscous mesh. This is because the validity, proximity and intersection checking are performed simultaneously with the layer creation. If the checking criteria are not met, the advancement of the viscous layer is terminated locally, providing a high degree of flexibility to the algorithm. All viscous layers are advanced until a termination criterion is met, such as maximum element aspect ratio or number of layers. This algorithm, when combined with accurate normal calculation and smoothing techniques [? ? ? ? ] may create a smooth transition between the last prismatic elements and the tetrahedron generated by isotropic volumetric mesh generators, which is highly convenient for CFD solvers. However, due to the local nature of the termination criteria, the new boundary generated by the advancing layer algorithm, can be anisotropic and irregular in shape, which may result in extra difficulties for the volumetric meshing process. Moreover, this method can be time-consuming if the number of total viscous cells is large, since an intersection checking criterion has to be conducted for every new face of the front.
The whole-layer-inflation approach can be more efficient than the previous approach since in this algorithm the viscous cells no longer need to be checked layer-by-layer and the generation process can be very fast [? ] . However, as this algorithm tries to generate the same number of prismatic layers for the whole model, or at least to the same surface, it requires additional operations to "fix" the invalid elements. For instance, this algorithm is often associated with a shrinking procedure to retain the validity of viscous elements in the region where intersection with other elements of the front appear. This is accomplished by progressively reducing the total thickness of the layer [? ? ]. This kind of thickness reduction usually leads to a steep transition between the prismatic and tetrahedral elements, and locally modifies the stretching ratio of all the layers in narrow or highly constrained regions. In addition, this algorithm may have problems for meshing very complex configurations in which degenerated or very small surfaces are hard to avoid.
Alternatively other approaches generate the anisotropic layered mesh upon the creation of the volumetric mesh [? ? ? ? ]. In this method the surface elements of the isotropic volumetric mesh are displaced away from the surface. At this point viscous layers can be inserted either at once, or in a layer-by-layer basis. The advantage of this method is that the validity of the elements can always be ensured since it departs from a valid volumetric mesh. However, a robust volumetric mesh deformation algorithm is key to achieve high quality meshes, especially when dealing with very complex geometries. This is not the preferred option for conventional hybrid mesh generation, but it is very popular when used in conjunction with Cartesian meshes.
All advancing layer meshing algorithms heavily rely on the intersection checking process, which can be sophisticated and time-consuming. Despite all the improvements and variations that have been made to improve the efficiency of conventional advancing layer methods, in general, a trade-off between robustness and efficiency has to be performed.
In this paper, we present a very robust and efficient method to generate a viscous boundary layer mesh. The method is general but it has been mostly applied for three-dimensional turbine internal cooling geometries. Surface triangular cells are used as input. From a surface mesh, the near wall viscous mesh is constructed in a prismatic manner based on an algorithmic improvement of the advancing layer method. The viscous meshes are generated in layer-by-layer basis combining an improved validity checking to ensure the robustness for internal geometries and a so called Outer Layer Boundary (OLB) checking routine in order to reduce the number of element-to-element intersection checkings intrinsic to the advancing-layer and advancing front techniques. It is concluded that while the cost of standard advancing layer algorithms is dominated by the interesection checking method, and scales as O(N s × N L ), where N s is the number of surface elements, and N L the number of layers, the asymptotic cost of the new "Skyline" method is O(N s ) + O(N s × N L ) with 1, therefore for a large enough number of layers (N L ∼ O(10)), but still moderate, the new algorithm is significantly more efficient than the baseline method, since it reduces the cost of adding new layers to a small fraction of the total cost. For typical mesh sizes the total cost of the new algorithm can be approximated as O(N s )
The Outer Layer Boundary checking procedure is conducted in a similar way as in the inflated approach, but its purpose is to identify the cells which will not pose intersection problems rather than generating a proper valid mesh. Then, the checking process has only to be applied in those cells for which the OLB checking failed, drastically reducing the total number of checkings, and the cost of the dynamic updating of the ADT, which can be reduce in size. As a consequence the computational cost is significantly reduced. This hybrid mesh generation method has been finally tested in several representative geometries to demonstrate its capability and performance. The new algorithm has proved to be much faster than the standard advancing-layer method for an equivalent robustness.
Surface Mesh
Most grid generation techniques require the domain surface meshing prior to the generation of the volumetric mesh. Hence, surface grid generation is an essential and important step in the unstructured grid generation procedure. Surface meshes influence the volumetric mesh close to the boundary, and therefore they must have the same smoothness and continuity requirements as the volumetric mesh. But in addition, they are required to conform to the geometry surface and must accurately resolve high curvature regions.
The grid generation process begins by defining the geometry in Computer-Aided-Design (CAD) systems. Points are distributed on the edges that conform the surfaces. A surface grid is then generated on the boundary surface. These surface grids are generated in the parametric space using additional information to account for surface curvature. In the present work, the surface mesh is generated by means of a Steiner triangulation method described by Corral et al.
[? ]. The system uses an approximate physical space grid named MGG (Mapped space Generated Grid), following the terminology of Marcum [? ] . The true surface definition is only used at the beginning and the end of the process. In fact, the present viscous mesh generation process has no dependency on the surface mesh generation method as long as it is defined by a triangular mesh. The extension to surface meshes made up of quads is straightforward but it is not presented in this work.
Algorithm Description
The standard advancing layer method encompasses three main steps: (i) the determination of the normal-wise marching direction, (ii) the layer advancing procedure and (iii) the validity and intersection checking test. Once the marching direction and distance are determined, the positions of the new candidate nodes can be computed along the marching direction. Before the new prismatic layer is actually generated, a series of tests need to be conducted to accept each surface triangular cell before its corresponding prismatic element is accepted in the new layer. This acceptance process is in summary as follows. Firstly, the volume of the new generated prismatic cell is checked to ensure that a twisted or degenerated element is not created. Additionally, when layers are added to the front, proximity and intersection problems with other elements of the front inevitably appear. Figure ? ? shows two typical intersection problems which can not be detected just by checking the prismatic element itself. This problem is very common when meshing in constrained spaces, where viscous layers coming from different surfaces or fronts are prone to clash.
In our algorithm, the basic proximity-intersection checking method uses two alternating digital trees (ADT) to minimise the number of candidates for checking. The details and implementation of the ADT algorithm can be found in [? ] . The algorithm is applied by storing all the surface viscous nodes in the first ADT data structure. Each time a new node is considered to be included in the mesh, its location is tested against the ADT for proximity detection. If this new node is actually generated, it replaces the position of the previous node of its corresponding normal in the ADT. However, since the mesh of the front is large, disparity in the size and anisotropy of the elements are usually found, and therefore it is difficult to find an universal definition for the size of the bounding box of the nodes. As a consequence, the ADT searching procedure can not be used as the sole criterion to detect proximity and/or intersection Algorithm 1 OLB checking algorithm.
•
Step 0: ADT is initialized with all the cells from original surface triangular mesh.
Step 1: Generation of a unique virtual viscous layer based on the total thickness of the prismatic region. Normal vectors are not smoothed to obtain a conservative estimate. • Step 2: Loop over all viscous surface cells to perform the following Proximity/Intersection checking. For each candidate cell returned by the ADT, check the actual distance and intersection with the inflated boundary. If any node of this front is too close to any other node of the estimated outer boundary, or the corresponding normal vector intersects to any of these ADT cells, this prismatic cell is considered invalid. • Step 3: For each cell which failed to pass the test, store the distance between this cell and its problematic neighbor in order to approximate the layer index in which proximity/intersection will occur when the actual viscous mesh is generated (n problem ). This variable let us reduce the number of checkings, even for those cells which will have to be checked anyway at some point. • Step 4: Store the list of cells which did not pass the test.
with other elements, and it is only used to provide a set of candidate nodes for checking. Additional tests will be made to examine the actual distance and intersection of theses nodes.
On the other hand, despite the systematic use of ADTs substantially reduces the number of operations in the proximity/intersection procedure, this process is still responsible for most of the time required to obtain a high-quality viscous mesh. Therefore, the key element of an efficient advancing-layer method is to reduce the total number of calls to this method while maintaining the same level of robustness.
Outer Layer Boundary Checking Procedure
Experience shows that even in the most complex models, there are many viscous cells which are able to grow during the mesh generation process until the outer boundary of the generation process without any interference with other elements of the front. This effectively means that the computationally intensive proximity checking process could have been avoided for these cells. Algorithm efficiency can be substantially improved if these cells were removed from the very beginning from the proximity/intersection checking procedure. According to this observation, a novel advancing-layer method is proposed. The proposed algorithm is based on the idea of identifying beforehand the surface cells that will not need to be checked to reduce the computational time. This identification process is conducted in a pre-processing step by the "Outer Layer Boundary Checking" algorithm. Figure ? ? illustrates this "Skyline" scheme in a 2D configuration. The OLB checking scheme uses the standard layer generation and checking algorithms to calculate the virtual prismatic cells whose base is the surface element and its height the total boundary layer thickness set by the user. Aspect ratio and quality control are deactivated so that high aspect ratio elements are allowed in this phase. As shown in Fig. ? ?, the generation of valid points (colored black) is guaranteed regardless of the other cells. Therefore, the proximity/intersection checking for those elements is no longer needed. Only those points, which failed to pass the OLB layer checking, for instance the cells located at the corners and small gaps, are considered for a full intersection checking in the standard grid generation procedure. This OLB checking reduces computational time in two ways. Firstly, the proximity/intersection detection algorithm is only performed for the cells which failed to pass the OLB test. In general this is only a small fraction of the total number of viscous cells. Secondly, the ADT-searching algorithm, for the actual mesh generation process, contains only cells which failed to pass the OLB test, which are much less than the total number of cells and, therefore, this second ADT is lighter, and the time required to update it after each new insertion is significantly smaller than in the first one since it contains fewer data. Figure ? ? illustrates the outcome of the pre-processing algorithm for a two-pass ribbed cooling channel. Red colored cells are the cells which passed the OLB checking. It can be seen that the number of red cells is much larger than that of the cyan cells, which are the ones selected for a full checking. It can be observed that these cells are concentrated in the edges and corners where there are steep curvature changes.
The overall description of the OLB checking algorithm is listed in Algorithm ??.
Algorithm 2 Layer generation process of proposed method.
• Step 0: ADT is initialized with cells which failed the OLB checking.
while N active−nodes > 0 or n layers ≤ n target 
Layer generation & validity checking
After performing the OLB checking, the original set of surface cells is classified in two groups: (i) the valid cells, where the layer growth will only be stopped by mesh quality and neighbor validity criteria; (ii) the cells which failed the OLB checking test, and that will undergo a full proximity/intersection checking during the actual mesh generation process.
The full checking process consists of three parts:
1. Cell validity & quality. In this step, a checking is performed to determine the validity of each new generated cell. Firstly, a test to examine the distance of the three new candidate nodes, and the aspect ratio of generated prism is made in order to avoid poor quality elements. Then, the volume of the prism is checked by subdividing it into three tetrahedral elements. 2. Compatibility of neighboring cells. The success for the generation of a valid prism also relies on the topological properties of the neighboring cells. Figure ?? shows the topology of a prismatic element and its neighbors. Let us consider we want to create the prism on the top of the triangle, c 1 , which has two types of neighboring triangles: a triangle, c 2 , sharing an edge with the target triangle, and a cell, c 3 , sharing a node with the target cell. The minimum requirement for the creation of a triangular prism on top of the triangle, is that, at least a pyramid can be created for c 2 type triangles, and a tetrahedron can be created for c 3 type cells. Similarly to the prism case, the volume of the pyramid is checked by subdividing it into two tetrahedrons. In this way, regardless of any possible termination of nodes p 4 and p 5 , and if prisms can be created for the triangles c 2 and c 3 , no roll back process is needed, since the validity of these auxiliary non-prismatic cells is guaranteed.
Proximity/Intersection
Checking. This process is conducted in the same way as described in the previous section. The only difference is that the ADT is in this case only built with those cells which failed the OLB checking.
As it has been previously explained, by doing this pre-processing the computational time can be substantially reduced since the total number of cells undergoing intersection checking algorithms is lower, therefore, the number of ADT updates, which is the most expensive part of this process, is consequently decreased as well.
If a cell passes all the tests, a new prismatic element is built, otherwise according to the number of the active nodes in a cell either a transitional pyramid or tetrahedron is constructed to avoid leaving a quadrilateral or a bad quality triangle surface cell exposed to the volumetric mesh generator. Independently of whether a cell passes or not the OLB pre-checking test, all the cells are created in a layer-by-layer basis. The decision of a cell remaining active or not is taken in a local manner to ensure that in any case the topology of the final mesh is such that the layer can be completed safely. The layer generation and validity checking process is illustrated in Algorithm ??.
Algorithm Complexity Analysis
The objective of this subsection is to understand the origin of the efficiency of the proposed approach. The computational cost of the advancing-layer method is proportional to the number of calls to the proximity/intersection detection procedure, which is the most expensive part of the algorithm,
where N s is the number of elements of the surface grid, N L the number of viscous layers, t cell−check the time required to make the intersection checking for a single cell, and t cell−insertion the time required to actually insert a cell. Usually t cell−insertion t cell−check and in practise can be neglected in most of the algorithms. The previous expression assumes that an ADT is used to assist this process, and that the cost required to traverse the ADT scales with the logarithm of the total number of points.
The computational cost of the proposed method can be split into two parts: the first is the so-called Outer Layer Boundary (OLB) pre-processing step, which tests all the surface elements and hence its cost is Cost OBL ∝ N s log(N s ). The second part is the actual full intersection checking, that is performed only for a fraction, α, of the total number of cells. This factor α represents the ratio of surface cells which have failed the OLB pre-processing, and that will be fully checked, with respect the total. The actual value of α depends on the geometry of the model, the quality of the surface mesh and the boundary layer thickness set by the user. The cost of the "Skyline" method, neglecting the actual cost of the insertion, can then be written as:
where the effect of different efficiency of the two ADTs, and the different time required to make the intersection checking for a single cell, associated to the different sizes during the first and second part of the algorithm have been retained. As it has been explain before n problem = βN L is the average number of layers per cell that need to be actually checked. Typically β ∼ 0.5. The relative cost between both methods is then:
For the OLB pre-processing, each ADT-node is associated to a larger bounding box than the typical one employed during standard advancing-layer method method. This is done in order to maintain robustness even for those cases in which large differences in size between the surface mesh and the boundary layer thickness appear. Due to this, proximity/intersection algorithm, the OLB method has to deal with a higher number of candidate nodes returned by ADT than the standard algorithm, and therefore, the time required to make the intersection checking for a single cell increases. Empirically, it can be seen that t cell−check−OLB and t cell−check are related by a factor between 2 and 3. A limit estimation with α equal to 0, i.e., a case in which all the cells have passed the OLB checking, "Skyline" method will be faster than the standard one by a factor determined by the number of total layers (Eq. ??). For the opposite case, α equal to 1, "Skyline" method will entail a penalty due to the extra-cost of performing OLB pre-processing compared to the standard one.
Cost S kyline Cost baseline ∝ 2 N L f or α = 0, and Cost S kyline
The efficiency of the proposed method will be, therefore, a function of α and N L . For a specific case, ceteris paribus, the higher the number of layers are generated the higher the speed-up factor achieved.
Volumetric Mesh
Once the viscous mesh is generated, the last layer of the viscous mesh becomes a second surface grid made up solely of triangular cells. This new surface grid is used as the departing point to generate an isotropic volumetric mesh to fill the rest of the domain. This tetrahedral volumetric mesh is generated by means of a three-dimensional Delaunay algorithm. The final mesh consists of prisms, transitional pyramids and/or tetrahedrons, and isotropic tetrahedrons.
Test Cases
Different meshing examples are presented in this section to illustrate the efficiency and effectiveness of the proposed method. Complex 3D models were selected considering realistic industrial relevance, such as complex geometries derived from "dirty" CAD models. All these tests have been conducted in a single core of an Intel Xeon E5-1620 CPU.
The first case presented here will be used to evaluate the benefits in terms of computing time achieved by doing the OLB checking procedure compared to the advancing-layer algorithm. For our purposes, the standard advancing-layer method in which all the growing nodes will have to be checked will be referred to as the baseline algorithm.
Turbine Leading Edge Impingement Cooling Mock-up
The first case is an experimental mock-up of a leading edge impingement cooling channel of a turbine blade. This case has been selected because its inner domain presents large differences in size. The total thickness of the boundary layer mesh was intentionally set larger than the diameter of the impingement and film cooling tubes, in order to test the robustness of proximity/intersection algorithm. The initial surface mesh is composed of 775k triangles, and in total 20 viscous layers are generated. Figure ? ? depicts the final mesh of the impingement cooling channel model. It can be seen that the algorithm detected the collisions in tube regions successfully, and a high quality mesh with smooth transition between the last prismatic cell and tetrahedral element is achieved. In total 11.6M viscous cells were created in 5.0 min, which is quite remarkable.
An additional mesh was created to compare the mesh quality obtained with two different boundary layer thicknesses. This comparison is displayed in figure ? ? and the mesh statistics are shown in table ? ?. As expected, the thickness reduction in the narrow regions allows to generate more viscous cells in less time than the previous case. This is because the reduction of the layer thickness significantly reduces the number of intersecting cells in the front. However, it is hard to obtain a smooth transition between the prismatic mesh and the volumetric tetrahedral grid. Table ? ? compares the execution time of the new and the baseline method. It can be seen that for baseline method the intersection checking and ADT regeneration consume most of the time. The speed-up factor of the new algorithm is between 4 and 8 with respect to the baseline method. The acceleration of the method is obtained by reducing the number of intersection checkings and the ADT updating time when new elements are added or removed from the front, which compensates the penalty incurred by the pre-processing step of the OLB scheme.
For this case, a representation of the computational cost of "Skyline" method compared to baseline is depicted according to equation ??, assuming a factor of 2.5 between the t cell−check−OLB and the t cell−check and an averaged n problem of 5 (see Fig. ??) . Two sets of tests were performed with a different number of layers. For each set, α was modified by changing viscous mesh parameters in order to achieve a good sampling of the curve, keeping the same surface mesh. For both cases, it can be seen that data fit properly the cost curve modeled before and, as it was remarked, the efficiency of the proposed method compared to baseline algorithm increases with N L .
NASA Common Research Model
The NASA Common Research Model (CRM) ? ] has been commonly used as a standard test case to measure the relative efficiency of different 3D grid generation tools. Figure ? ? displays the model surface and a cobbled plane around the CRM model. Table ? ? benchmarks new method against two well-established grid generation tools. The T riT et ? ] hybrid mesh generator builds the prismatic grid region in a standard layer-by-layer basis, whereas the rest of the domain is filled with isotropic tetrahedrons by means of a serial advancing front method. The commercial software ICEM − CFD contains multiple algorithms for hybrid mesh generation; in this case the selected algorithm inflates the entire prismatic region at once, then they split the created columns into prisms. Finally the rest of domain is filled by means of a Delaunay-based mesh generation method. Therefore, the two reference tools represent two classical viscous mesh generation algorithms summarized in the introduction section. The data presented here are taken from the work of Tomac and Eller [? ] . This paper also presents a new mesh generation procedure for hybrid prismatic-tetrahedral meshes called Sumo. This method creates an envelope mesh for the prismatic boundary layer. Table 3 . Grid size and grid generation time of three different mesh generation tools for the CRM model.
The robustness of this step is the primary contribution of this technique. They also state that some steps of the envelope construction have been parallelized. All the cases presented in [? ] were run in a single core of an Intel Xeon X5650 CPU (Westmere architecture). However, in the present work, the proposed "Skyline" algorithm has been executed in a single core of an Intel Xeon E5-1620. In order to compare our results with those presented in [? ] we have run the "Skyline" method in a single core Intel Xeon W3565 (Nehalem architecture), which is very similar to that used by Tomac and Eller. All the presented cases were run in both architectures obtaining that, the scaling factor between both processors is just 25%. The rest of the gain is due to algorithm improvements.
For the present approach, two meshes with different viscous settings (growth ratio, thickness, etc.) were created to test the robustness and efficiency of the method under different conditions. In particular, the boundary layer thickness of the mesh B is the half of that of the mesh A. All the four meshes are departing from a similar surface mesh containing around 1.2 million triangles, and have 35 viscous layers.
It can be seen in Table ? ? that, due to the different thickness of the prismatic grid layer, the percentage of viscous cells which pass the pre-processing OLB is slightly different, resulting in a different generation time and number of prismatic cells. However, in both cases the generation time of the present method is at least ten times less than that of the two referred algorithms. This is because, most of the cells ( >97%) pass the OLB checking step, and do not need to experience the proximity/intersection checking algorithm in the generation process, which is the most expensive part of the method. In addition, it can also be observed that a lower passing rate of the OLB results in a higher computational time, what proves the rationale of the proposed algorithm.
Internal Cooling Channels of Turbine Blade
In an engineering design or analysis loop, the mesh generation process begins by importing realistic 3D CAD models. The geometry exported from a CAD system is in most of the cases "dirty" due to numerical tolerance issues within the CAD system (often exacerbated by greatly differing scales within the geometry), format translators, and lack of numerical compatibility between different representations of the same object [? ] . Such models consist of hundreds or thousands of complex warped faces, with a large size disparity, with degenerated or badly parametrized entities. These complexities in the grid generation process can make the generation of the mesh unfeasible. These models can always be cleaned or simplified to make them compatible with the mesh generation process. However it requires a non-negligible amount of labor time, especially in an optimization process, in which large number of models need to be processed. This test case represents one of these uncleaned real geometries. Figure ? ? depicts the leading edge, mid-chord, and trailing edge internal cooling channels of a turbine rotor blade. These three channels come from realistic CAD models without cleaning or simplification. Therefore, they are composed of hundreds of faces including many micro-surfaces. The plane-cut view of the final mesh is shown in figure  ? ? and the mesh statistics are presented in table ? ?. In accordance with our experience the present method is robust enough to be used in a production environment.
Finally some CFD simulations performed for this test to demonstrate that the whole analysis process can be conducted, and that the grid quality is high enough to be handled by an unstructured viscous fluid solver. Figures ?? depicts the temperature contour of the internal flow field of the three cooling channels, whereas Fig. ? ? illustrates the overall heat transfer performance on the pressure side and suction side of the leading edge channel at various operating points. As presented, the numerical results provide in overall satisfactory results of the heat transfer trend against the experimental data. 
Conclusions
This paper describes the implementation of a novel viscous mesh generation method for 3D complex configurations. The method employs an Outer Layer Boundary (OLB) checking scheme to identify in advance the cells which can be generated without performing expensive intersection checking methods against other cells of the front. The method substantially reduces the number of intersection checking operations compared to classical advancing layer methods, significantly reducing the mesh generation wall-clock time while maintaining the same level of robustness and quality than the baseline algorithm. For the cases presented here, it is concluded that the new method, named as "Skyline" method, is between 4 and 10 times faster than the standard one. Moreover it is concluded that the new method is significantly faster as well than other well established hybrid mesh generation systems. Meshes for three Figure 11 . Overall heat transfer comparison for the leading edge cooling channel: CFD vs EXP. different cases of industrial complexity have been presented. This approach has proved to be useful for large size 3D complex configurations where mesh generation time and interactivity are crucial.
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